Genomics & Informatics 



pISSN 1598-866X elSSN 2234-0742 
Genomics & Informatics 2012;10(2):1 10-1 16 
http://dx.doi.Org/10.5808/GI.2012.10.2.110 



ARTICLE 



Genetic Analysis of SCN5A in Korean Patients 
Associated with Atrioventricular Conduction Block 

Hyoung Seob Park 1 , Yoon Nyun Kim 1 *, Young Soo Lee 2 , Byung Chun Jung 3 , Sang Hee Lee 4 , 
Dong Gu Shin 4 , Yongkeun Cho 5 , Myung Hwan Bae 5 , Sang Mi Han 6 , Myung Hoon Lee 6 

division of Cardiology, Department of Internal Medicine, Keimyung University School of Medicine, Daegu 700-712, Korea, 
2 Department of Internal Medicine, Catholic University Medical Center, Daegu 705-718, Korea, 3 Department of Internal Medicine, 
Daegu Fatima Hospital, Daegu 701-600, Korea, 4 Department of Internal Medicine, Yeungnam University College of Medicine, 
Daegu 705-717, Korea, department of Internal Medicine, Kyungpook National University Hosital, 
Daegu 700-721, Korea, 6 D&P Biotech, Daegu 702-911, Korea 



Recent several studies have shown that the genetic variation of SCN5A is related with atrioventricular conduction block 
(AVB); no study has yet been published in Koreans. Therefore, to determine the AVB-associated genetic variation in Korean 
patients, we investigated the genetic variation of SCN5A in Korean patients with AVB and compared with normal control 
subjects. We enrolled 1 1 3 patients with AVB and 80 normal controls with no cardiac symptoms. DNA was isolated from the 
peripheral blood, and all exons (exon 2-exon 28) except the untranslated region and exon-intron boundaries of the SCN5A 
gene were amplified by multiplex PCR and directly sequenced using an ABI PRISM 3100 Genetic Analyzer. When a variation 
was discovered in genomic DNA from AVB patients, we confirmed whether the same variation existed in the control genomic 
DNA. In the present study, a total of 7 genetic variations were detected in 113 AVB patients. Of the 7 variations, 5 
(G87A-A29A, intervening sequence 9-30A, A1 673G-H558R, G3578A-R1 1 93Q, and T5457C-D1 81 9D) have been reported 
in previous studies, and 2 (C48G-F1 6L and G3048A-T1 01 6T) were novel variations that have not been reported. The 2 newly 
discovered variations were not found in the 80 normal controls. In addition, G298S, G514C, P1008S, G1406R, and D1595N, 
identified in other ethnic populations, were not detected in this study. We found 2 novel genetic variations in the SCN5A 
gene in Korean patients with AVB. However, further functional study might be needed. 

Keywords: atrioventricular block, Korean, multiplex polymerase chain reaction, sodium channel protein type 5 subunit alpha 



Introduction 

The SCN5A gene, encoding a voltage-gated Na + channel, 
is predominately expressed in the heart, where it has a key 
role in the generation and propagation of the cardiac impulse 
[1]. 

Voltage-gated Na + channels are transmembrane proteins 
that produce the fast inward Na + current responsible for the 
depolarization phase of the cardiac action potential. 
Inherited variations in SCN5A, the gene encoding the 
pore-forming a-subunit of the cardiac-type Na + channel 
(Na v 1.5), result in a spectrum of disease entities, termed 
Na + channelopathies. 

In many previous studies, lots of variations of the SCN5A 
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gene have been observed in various cardiac diseases, such as 
long-QT syndrome (LQT), Brugada syndrome (Brs), pro- 
gressive cardiac conduction defect, atrial fibrillation (AF), 
dilated cardiomyopathy, and overlapping syndromes [2, 3] . 

Recently, cardiac conduction system disease, manifesting 
as slower intramyocardial conduction and, in some cases, 
atrioventricular conduction block (AVB), has been related to 
SCN5A mutation [4]. Familial AVB, characterized by 
progressive "degree of block" in association with variable 
apparent "site of block," may be transmitted as an autosomal 
dominant trait. Two genetically distinct forms of AVB have 
been identified [5]. Brink et al. [6] established a genetic link 
between AVB and a genetic locus at chromosome 19ql3, and 
Schott et al. [4] mapped AVB to chromosome 3p21. 
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Such genetic variations in AVB patients have been widely 
studied in Caucasians, Han Chinese, and Japanese, but no 
study has yet been published in Koreans as far we know 
Therefore, we carried out a complete sequencing of coding 
regions of the SCN5A gene, except the untranslated region, 
in Korean AVB patients to investigate the SCN5A variations 
associated with AVB and compared them with normal 
control subjects. This is the first study of SCN5A genetic 
variations that examined all coding regions in Korean 
patients with AVB. 

Methods 

Patient enrollment 

We enrolled 113 Korean AVB patients who were 
diagnosed with electrocardiograms and who had inserted 
permanent pacemakers and 80 normal controls with no 
cardiac symptoms. All patients and control subjects were 
recruited from four medical centers - Keimyung University, 
Yeungnam University, Catholic University, and Fatima 
Hospital (Daegu, Korea) - from August 2009 to September 
2011. 

This study was approved by the ethical committee at each 
hospital; consent was obtained from all individuals before 
enrollment into the study. 

DNA extraction 

In this study, peripheral blood was collected into ethylen- 
ediamine tetraacetic acid-containing tubes, and genomic 
deoxyribonucleic acid (DNA) was extracted from whole 
blood samples using the QIAamp DNA blood mini kit 
(Qiagen, GmbH, Hilden, Germany) . DNA concentration was 
determined using a NanoDrop ND1000 spectrophotometer 
(Thermo Fisher Scientific Inc., Wilmington, DE, USA), and 



purity of the DNA was assessed based on the 260/280 nm 
absorbance ratio. 

Multiplex polymerase chain reaction (PCR) and 
sequence analysis 

The SCN5A gene is located on human chromosome 3p21, 
and the gene consists of 28 exons (Fig. 1) and encodes a 
protein of 2,016 amino acids with a molecular mass of 227 
kDa [7]. Entire coding regions, including exon-intron 
boundaries of the SCN5A gene, were amplified by multiplex 
PCR-based direct sequencing. The primers for PCR amplifi- 
cation were designed based on the GenBank reference 
sequence; primers are shown in Table 1. PCR conditions 
were as follows: an initial denaturation at 95°C for 15 min; 
and denaturation at 94°C for 30 s, annealing at 68-70°C for 
30-60 s, and extension at 72°C for 60-90 s, repeated for 30 
cycles (Table 1). After multiplex PCR, the reaction mixture 
was electrophoresed in a 2% agarose gel and stained with 
ethidium bromide (Fig. 2) . Then, amplified PCR products 
were purified using the QJAquick PCR purification kit 
(Qiagen) and directly sequenced using the BigDye 
Terminator ver 3.1 cycle sequencing kit on an ABI PRISM 
3100 Genetic Analyzer (Applied Biosystems, Foster City, 
CA, USA). 

Sequencing results were compared with the reference 
sequences (SCN5A/NMJ 98O56.2/ENSG00000 1 83873/ 
ENST00000333535) using the alignment program BLAST 
2.0 of NCBI, and we determined the portion of variation that 
occurred. When a variation was discovered in genomic DNA 
from patients, we confirmed whether the same variation 
existed in the control genomic DNA. 

Statistical analysis 

p-values and odds ratios with 95% confidence intervals for 
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Fig. 1. Genomic location and exon 
image of SCN5A gene and vol- 
tage-gated Na + channel a subunit. (A) 
The SCN5A gene is located on human 
chromosome 3p21. (B) Structure of 
SCN5A gene: the SCN5A gene 
consists of 28 exons; among these, 
exon 1 is an untranslated region. (C) 
The voltage-gated Na + channel a 
subunit consists of 4 homologous 
domains (DI-DIV), each containing 6 
transmembrane-spanning segments 
(S1-S6). 
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Table 1. 


Multipl 


ex PCR primers for amplification of the 


coding regions and flanking intronic sites of SCN5A and PCR conditions 


for each 


primer 


pair 






Exon no. 


Forward primers (5' — * 3') 


Reverse primers (5 1 — * 3') 


PCR conditions 


2 




CTGCAGCCTCTCTG CA AATG G TG T 


CCTCTTCCCCCTCTGCTCCATTGA 


Initial denaturation 


3 




CTCTCCTCCTCCTCCCACCTCACC 


G TCTTAG G ACCAG CAG G G A ATCAG C 


15 min, 95°C; 


5 




CCACGTAAGGAACCTGGAGAACCTG 


GAAGCCAGAAAGAGAGGGGTGGTCT 


denaturation 


1 n 
I u 




CTTG G AAATG CC AT AACCCAG AAG G 


CCCCACCTATAG G CACCTACAG TC A 


30 s, 94°C (30 cycle); 


1 1 




G G TG TG CAAGTCC ACTT ACTG ATAG G G 


GTGACTGTACAGGGGCCTAGCATGA 


annealing 


13 




ACCTTCATCCTATCCCTGTGGCATC 


CCiCiACACi 1 Li 1 LiLiCiLiA 1 Li 1 L 1 AAALiC 


30 s, /U C; 


14 




1 d 1 LALC 1 ACCACiCLC 1 Ci 1 CA 1 C 1 C 


1 LjV_/\LjLjA 1 V A V 1 1 V_ 1 1 v_V_ 1 1 AV_V_V„ 


extension 


15 




v_AV~ALj v-^AAVjALj 1 A^AAVjAVjLjA^ALjVj 1 


GTGATGACCTCAGATTGGGTTGTGC 


60 s, 72°C 


19 




G G AG CCCTAAG CTCCTG CAG ACTC 


TG G G C AG ATATCTA AG GCAGGGTGT 




23 




G CAG CCAGGGAGTTCATTCTTTCTT 


CTTTG GGCACTGTGATCCTCCTATG 




26 




AGAGAAAGCCAGGAGGTGGTCAATC 


CTCTACGAGGCTGGG ACCTCTCTTC 




27 




G G G CTTTG GGCTCACTAGAGGGTAG 


GGGTTGTACATGG CATTCAG CAG AG 




4 




CCCTG TTTATTG TCTG GTAGCACTGG 


GTAAGTTCCTGGGCCTGGACACAAG 


Initial denaturation 


6 




CCCTGGGCTATCCACAGCACT 


GTGGGGAAGACAGAGAGAGAGTCAC 


15 min, 95°C; 


7 




AAG CCCAG G AG AAG CCTCCCTTATT 


CTGTCTGGGTCTCTGGGGGATCAG 


denaturation 


8 




GGCACAGCCAGAGTTGCCTGAAG 


CTCCAGAAGCTGTCTCCTCTGTGCT 


30 s, 94°C (30 cycle); 


9 




TCACTG AG CTGTG G G GCATAAACTG 


TGATCCCTTCTCCCTCAGAAGCAAG 


annealing; 


12 




AGTTTAGCTGAGGCCAGTGGCACAA 


CCALiCACACACi 1 ACiC 1 CC 1 CAACAA 


yo S, 6o C 


16 




GGAATAGGTGTCAGTGCCCTCCAAG 


GGATGGACGGATGGGTAGATGGATT 


extension 


17 




GATTCAAGCCTCGGAGCTGTTTGTC 


CCTTCTACCCCTACCCACTG CCAAG 


90 s, 72°C 


18 




AGATGCATGGGCAGGGTCTGAAAC 


AAATGCAGGCATGCACCTCTCAC 




20 




CACCCCCATCATCGTAGCTCTTTCT 


CTCTGCCCCAGTTTCTGACCTGACT 




21 




GGCAACAGAGCAAGACTGTCTCAAA 


CTTCTCTTCCTCTGAGCCTGGGAAC 




22 




GAAGGCCTACTGTCTGTCCCCAACA 


ATCAGAAGCACAGGGAGGGGTCCT 




24 




TGTCCAGACCAGAGCCCTAAGAAGC 


AGATGCAGACACTGATTCCCTGGTG 




25 




CCACAGAATGGACACCCCTAGACAG 


ATTCCAGCAGGAGCAAGAAGAGGAC 




28 




CCTTGCCTCCTTGCCATATAGAGACC 


GAGGCCCATTTCTTACTCCCAAAGC 





500 bp 



200 bp 




a. Exon 24 (218 bp) b. Exon 22 (288 bp) 

o ikon 4 (320 bp) cl. Exon 25 (384 bp) 

e. Exon 8 (431 bp! f. Exon 7 (514 bp) 

g. Exon 16 (592 bp! h. Exon 17 (707 bp) 




i Exon 5 (302 bp) j. Exon 19 (342 bp) n. Exon 10 (329 bp) o. Exon 26 (388 bp) r. Exon 15 (330 bp) 
It. Exon 11 (381 bp! I. Exon 14 (458 bp! p. Exon 27 (486 bp) q. Exon 23 (518 bp) t. Exon 13 (383 bp) 
m. Exon 2 (518 bp) 



53 bp) 



Fig. 2. Agarose gel electrophoresis of 
multiplex PCR products from exon 2 
to exon 28 of the SCN5A gene. M, 
100 bp DNA size marker; lane 1-6, 
sample 1-6; lane 7, negative control. 



each genotype and allele were evaluated by x 2 analysis. A 
p-value of <0.05 was considered to indicate a statistically 
significant difference between AVB patients and normal 
controls of the study. 

Results 

In the present study, we sequenced all translated exons 



and exon-intron boundaries of the SCN5A gene from 113 
Korean AVB patients. As a result, we identified 7 genetic 
variations (of these, 5 were known variations and 2 were 
novel variations), consisting of 3 synonymous (G87A- 
A29A, G3048A-T1016T, and T5457C-D1819D), 3 non- 
synonymous (C48G-F16L, A1673G-H558R, and G3578A- 
Rl 193Q), and 1 splicing donor site of the intron 9-exon 10 
boundary (intervening sequence [IVS] 9-3C > A) (Table 2) . 
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Table 2. Genetic variations and allele frequencies in the SCN5A gene of Korean complete atrioventricular conduction block patients 
(n = 113) and normal controls (n = 80) 



dbSNP ID 


Variations 


No. 


Exon 


Genotype frequency (%) 


Allele frequency (%) 


p-value 


OR 


95% CI 




C48G (F16L) 






CC 


CG 


GG 


C 


G 










Case 


113 


2 


112 (99.1) 


1 (8.9) 


0 (0.0) 


225 (99.5) 


1 (5.0) 


0.399 








Control 


80 




80 (100.0) 


0 (0.0) 


0 (0.0) 


160 (100.0) 


0 (0.0) 








rs6599230 


G87A (A29A) 






GG 


GA 


AA 


G 


A 










Case 


113 


2 


48 (42.5) 


51 (45.1) 


14 (12.4) 


147 (65.0) 


79 (35.0) 


0.615 


1.12 


0.71-1.41 




Control 


80 




36 (45.0) 


36 (45.0) 


8 (10.0) 


108 (67.5) 


52 (32.5) 








rs41312433 


IVS9-3C>A 






CC 


CA 


AA 


C 


A 










Case 


113 


Intron 9 


91 (80.5) 


22 (19.5) 


0 (0.0) 


204 (90.2) 


22 (9.8) 


0.501 


0.8 


0.40-1.61 




Control 


80 




61 (76.3) 


19 (23.8) 


0 (0.0) 


141 (88.1) 


19 (11.9) 








rs1805124 


A1673G (H558R) 






AA 


AG 


GG 


A 


G 










CclSG 


1 1 3 


1 2 


105 (92.9) 


8 (7.1) 


0 (0.0) 


218 (83.8) 


8 (16.2) 


0.0004 


0.24 


0 1 0-0 60 




v^UI 1 1 1 \.J 1 


80 




59 (73.8) 


21 (26.3) 


0 (0.0) 


139 (86.8) 


21 (13.2) 










G3048A 






GG 


GA 


AA 


G 


A 










(T1016T) 
























Case 


113 


17 


111 (98.2) 


2 (1.8) 


0 (0.0) 


218 (96.4) 


8 (5.6) 


0.016 








Control 


80 




80 (100.0) 


0 (0.0) 


0 (0.0) 


160 (100.0) 


0 (0.0) 








rs41261344 


G3578A 
(R1193Q) 






GG 


GA 


AA 


G 


A 










Case 


113 


20 


98 (86.7) 


14 (12.4) 


1 (0.9) 


210 (92.9) 


16 (7.1) 


0.701 


0.86 


0.38-1.97 




Control 


80 




70 (87.5) 


7 (8.8) 


3 (3.8) 


147 (91.8) 


13 (8.2) 








rs1805126 


T5457C 
(D1819D) 






TT 


TC 


CC 


T 


C 










Case 


113 


28 


28 (24.8) 


49 (43.4) 


36 (31.9) 


121 (53.5) 


105 (46.5) 0.440 


1.17 


0.76-1.80 




Control 


80 




8 (10.0) 


52 (65.0) 


20 (25.0) 


92 (57.5) 


68 (42.5) 









OR, odds ratio; CI, confidence interval. 



The examples of the sequencing result are shown in Fig. 3. 
Among the 7 genetic variations, 2 single nucleotide poly- 
morphisms (SNPs) have been reported by American and 
Japanese researchers: non-synonymous SNP in exon 12 
(rsl805124, A1673G-H558R) and synonymous SNP in exon 
28 (rsl805126, C5457T-D1819D). A1673G-H558R was 
identified in 18% of the American populations (n = 71) and 
8% of the Japanese populations (n = 100) [8, 9], and 
C5457T- D1819D was observed in 12.3% of the American 
populations (n = 130) and 46% of the Japanese populations 
(n = 100) [9, 10]. We also discovered a synonymous SNP 
(rs6599230: G87A-A29A, in exon 2) and non-synonymous 
SNP (rs41261344, G3578A-R1193Ci in exon 20) that are 
very common polymorphisms in the Han Chinese po- 
pulation. In addition, we identified 2 novel variations that 
have not been previously reported. One of these variations 
was heterozygous synonymous (G3048A-T1016T), and the 
other was heterozygous non-synonymous (C48G-F16L). 
The genotype and allele frequencies of the identified genetic 
variations are summarized in Table 2. There were significant 
differences in the allele frequencies of A1673G-H558R and 
G3048A (T1016T) between the two groups (p < 0.05). 
There were no statistically significant differences in allele 
frequencies of the other genetic variations between the two 



groups (all p > 0.05). 

However, G298S [11], G514C [12], P1008S [13], G1406R 
[14], and D1595N [11], identified in other ethnic pop- 
ulations, were not detected, and A3075T-E1025D and 
T4847A-F1616Y, discovered in 105 Korean sick sinus synd- 
rome patients in our previous study, were also not detected 
in this study. 

Next, to compare with normal controls, we analyzed 
normal samples by the same methods whether the same 
variations existed in their genes. Just as in the patient group, 
4 SNPs (rs6599230, G87A-A29A; rs41312434, IVS9-3C > 
A; rsl805124, A1673G-H558R; rsl805126, C5457T- 
D1819D) were detected in the normal control group, but 1 
non- synonymous SNP (rs41261344, G3578A-R1193Q) and 
2 novel variations (C48G-F16L and G3048A-T1016T) were 
not detected in the normal control group. 

Discussion 

This is the first case report with genetic variations of 
SCN5A in Korean patients with AVB. To date, a number of 
SCN5A variations associated with various cardiac diseases, 
such as LQT, Brs, progressive cardiac conduction defect, AF, 
and overlapping syndromes, have been reported. Although 
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Fig. 3. Results of DNA sequencing 
analysis of SCN5A gene, showing 
nucleotide and amino acid changes. 
DNA sequencing results of SCN5A 
exon 2 (A, B), exon 1 2 (C), exon 1 7 
(D), exon 20 (E), and exon 28 (F). 
C48G-F16L (A), A1673G-H558R (C), 
C3048A-T1016T (D), and G3578A- 
R1193Q (E) are all heterozygous 
nucleotide changes. G87A-A29A (B) 
and T5457C-D1819D (F) are hetero- 
zygous or homozygous changes that 
are causing the synonymous nucle- 
otide change. 



SCN5A genetic variations associated with AVB have been 
well studied in Caucasians, Han Chinese, and Japanese, no 
study has yet been published in Koreans as far we know In 
previous studies, it has been shown that in some cases, 
progressive AVB has been linked to SCN5A gene variations 



[4] . Furthermore, in our prior study, 2 novel variations were 
detected in Korean sick sinus syndrome (SSS) patients, 
which, to our knowledge, has not been previously reported 
in any ethnic group. 
The variations could be significantly associated with 



4 
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functional effects of the SCN5A gene. Based on these results, 
we searched for SCN5A genetic variations in Korean AVB and 
compared them with those of control subjects. The SCN5A 
gene consists of 28 exons and encodes a protein of 2016 
amino acids with a molecular mass of 227 kDa [7] . In our 
patients with AVB, there were 7 sites of nucleotide change 
from exon 2 to exon 28 of the SCN5A gene. Among of them, 
2 sites (G87A-A29A, IVS9-3C > A) were reported as genetic 
variations in a Western study [7], and T5457C- D1819D has 
already been reported as a variation or polymorphism 
without functional effects on the channel in Asian studies [7, 
15, 16]. A1673G-H558R is located in the Na + channel I, II 
interdomain linker, and previous functional studies have 
shown that the H558R-encoding minor allele can alter the 
phenotype of true disease-causing SCN5A mutations [ 1 7] . It 
has been suggested that it modulates Na + channel functional 
changes caused by other variations and plays a role in 
intragenic complementation [18, 19]. Previously, the H558R 
G allele has been associated with occurrence of early-onset 
AF and LQT interval in healthy populations. The H558R G 
allele frequency has been reported to be 20.4-32% in the 
white population, 29% in the black population, and 10.4% in 
the Chinese population. In our study, the G allele frequency 
of SCN5A mutation carriers was 8% and 13.1% in the normal 
control group. 

G3578A-R1 193Q, which can cause a gain of the sodium 
ion channel function and cause LQT3 and Brs, was also 
found. It has been reported that G3578A-R1 193Q. confers a 
risk of LQT3 or Brs in the general population, although it 
seems to be a common polymorphism in the Han Chinese 
population. Electrophysiological studies showed that 
R1193Q destabilizes inactivation gating and generates a 
persistent, non-inactivating current, which results in a gain 
of the sodium channel function, as in LQT3 syndrome [20, 
21]. 

In addition to previously reported variations, we 
identified 2 novel variations that were not reported in the 
case of Japanese and Chinese populations. One of these 
variations was heterozygous non-synonymous (C48G- 
F16L), and the other was heterozygous synonymous 
(G3048A-T1016T). Since a non-synonymous nucleotide 
change in the SCN5A gene is likely to induce a functional 
change in the sodium channel, a non-synonymous sub- 
stitution was considered a candidate for the variation 
associated with this disorder. In this study, a non-syno- 
nymous variation, C48G-F16L, was not found in the normal 
control group but was detected only in the patient group, 
suggesting that it may effect AVB. However, G298S [11], 
G514C [12], P1008S [13], G1406R [14], and D1595N [11], 
identified in other ethnic populations, were not detected, 
thought to be due to very low frequency or no variation in the 



Korean population. 

In summary, our data may provide useful information for 
the identification of novel variations related to AVB, and the 
novel variants may provide useful bio-markers to study 
Korean cardiac disease. 

In a future study, we will conduct a functional analysis of 
the novel variation (C48G-F16L) and propose a mechanism 
for its contribution to the AVB phenotype in patients. Also, 
we will try to find out genetic variation sites in other genes 
that might be responsible for AVB. 
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